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Hepatocellular carcinoma (HCC) continues to secure its spot among 
top ranks in cancer-related deaths worldwide. Known for its difficulty 
in management, studies to find effective treatments for HCC are on-
going. To assist further in vitro study, seven HCC cell lines, SNU-1517, 
SNU-2655, SNU-2658, SNU-2663, SNU-3058, SNU-3059, and SNU-
3160, derived from Korean patients were characterized in this paper. 
Growth rate varied between HCC cell lines where the slowest growing 
cell line had doubling time of 74.59 hours and the fastest growing cell 
line had its doubling time of 42.93 hours. DNA finger printing analysis 
was carried out for authentication of cell lines. Targeted sequencing 
was performed for detection of mutations of genes within
comprehensive cancer panel. Frame shift deletions, insertions, in frame 
deletions and insertions, missense, nonsense mutations, start codon 
deletion and splice site mutations of various genes were found and
classified based on their pathogenicity reports. Also, some of these 
mutations were validated by Sanger sequencing. Also this study 
confirms that only three (SNU-1517, SNU-2655 and SNU-3058) out of 
7 HCC cell lines were shown to have integrated HBV DNA in their 
genome and were identified via Sanger sequencing. In addition, cell 
viability assay was carried out to test the sensitivity to three anti-cancer 
drugs widely used for HCC, 5-fluorouracil (5-FU), cisplatin, and 
ii
sorafenib. Among these three chemotherapeutic agents, sorafenib is the 
most prominent drug known to be used in HCC regimen. Therefore, 
proteins involved in this pathway were tested for change in gene 
expression. Phospho-ERK (p-ERK) expression was examined to
confirm that sorafenib successfully inhibited Ras-Raf-MEK-ERK
signaling pathway. For SNU-1517, SNU-2663, and SNU-3160 cell 
lines, sorafenib clearly made difference in p-ERK level. However, on 
the other HCC cell lines, effect of sorafenib was difficult to determine 
since SNU-2655, 2658, and 3058 had very low basal p-ERK level to 
verify sorafenib inhibition, and SNU-3059 barely showed any change 
in expression level after sorafenib treatment. In addition to sorafenib, 
four phytochemicals, baicalein, curcumin, genistein and resveratrol
were tested to evaluate both their individual and synergetic anti-cancer 
effect when partnered with sorafenib. All phytochemicals were shown 
to have effect on all HCC cell lines at certain concentrations, although 
their synergetic effect with sorafenib was ambiguous and demands
further study.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most notorious types of 
cancer known for its high mortality rate. In United States, liver and 
intrahepatic bile duct cancers were listed fifth for cancer related death 
estimates for 2016 [1]. A statistical study shows that it is the main cause for 
death of middle aged Korean male population in their 50’s [2]. A predicted 
death estimates caused by liver originated cancer in South Korea for 2017 is 
8,128 for male, and 2,929 for female population [3]. Frequency of HCC
incidence is concentrated in Southeast Asia and sub-Saharan Africa. Causes 
for HCC vary between geographical regions from liver fluke to HBV 
infection. HBV infection is the predominant cause in Southeast Asia.
Alcohol intake and HCV infection was the main cause of HCC development 
in other regions such as Southern Europe [4]. Statistically, approximately 5% 
of world population is known to be infected by chronic hepatitis B virus.
Among those infected population, about 25% develop chronic hepatitis, 
cirrhosis, and HCC [5]. Some common therapy to HCC includes surgical 
resection, liver transplantation, radiofrequency ablation, and sorafenib
treatment [6]. Although there are many other chemotherapy regimen 
involving other drugs such as 5-FU and cisplatin [7], sorafenib is currently
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the only prominent anti-cancer drug used in clinics for HCC treatment. 
Although the precise map of sorafenib mechanism still needs to be 
constructed, it is known to be a multi-kinase inhibitor targeting RAF kinases 
of Ras-Raf-MEK-ERK signaling pathway [8]. Sorafenib is also known to 
hinder angiogenesis, proliferation and induce apoptosis of tumor cells [9].
Various researches are ongoing to develop more effective therapy for HCC
including combination drug study involving phytochemicals. 
Phytochemicals are natural compounds that has been a topic of interest for 
many years and some are reported to have anti-cancer effect. Curcumin is 
one of the most studied natural compounds isolated from turmeric. Its effect 
against hepatotoxic aflatoxin has been reported [10, 11]. Resveratrol is 
another well-known phytochemical found in wine, grapes and certain kinds 
of berries and it is noted for anti-invasive effect and decreased HCC 
proliferation [12]. Potential anti-cancer effect of other phytochemical agents 
such as baicalein and genistein are also being studied where baicalein had 
proven to disrupt HCC proliferation [13] and genistein was reported to have 
protective effect against liver fibrosis through TGF- β/Smad pathway 
inhibition [14]. Although opinions of anti-cancer effect of phytochemicals
are conflicting, the consistent reports which demonstrates their effects
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against various cancers show promising future of phytochemicals in cancer 
therapy. According to Cancer Cell Line Encyclopedia (CCLE) and Korean 
Cell Line Bank (KCLB), there are 31 established HCC cell lines that are 
currently being used in researches around the world, and 12 of them are 
known to be derived from Korean patients. In this study, 7 newly established
HCC cell lines, SNU-1517, SNU-2655, SNU-2658, SNU-2663, SNU-3058, 
SNU-3059, and SNU-3160 are characterized to inspect their traits, growth 
properties, DNA finger printing, targeted sequencing, hepatitis B expression
and their genotyping were done. Furthermore, the cell viability tests were 
carried out on the treatments of three anti-cancer drugs, 5-FU, cisplatin, and 
sorafenib, to test the cell line’s sensitivity to this anti-cancer drug. Responses 
to phytochemical agents were also tested, both individually and in 




Seven human HCC cell lines (SNU-1517, SNU-2655, SNU-2658, SNU-
2663, SNU-3058, SNU-3059, and SNU-3160) were established from tumor 
tissues acquired from Korean HCC patients. SNU-1517, SNU-2655, SNU-
2658 and SNU-2663 were established by Korean Cell Line Bank (KCLB, 
Seoul, Korea), and SNU-3058, SNU-3059 and SNU-3160 were deposited 
from Liver Research Institute (Seoul, Korea). Established cell lines were 
cultured in the incubator conditioned at 37 degree Celsius with 5% CO2 in 
RPMI-1640 media (Thermo fisher, Massachusetts, United States) with 10% 
Fetal Bovine Serum (Thermo fisher). Cells were passaged each time of 
trypsin (Thermo fisher) treatment.
Growth properties and morphology in vitro
For growth properties, 2.0x10^3cells were seeded on each well of ten 96 
well plates. One of the ten plates were treated with EZ-cytox (DAEIL Lab, 
Seoul, South Korea), the water soluble tetrazolium salt (WST) solution that 
gets reduced by succinate-tetrazolium reductase and produce formazan dye,
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and incubated at 37℃ for 2 hrs for its optical density (OD) measurement 2 
hours after cell seeding. The rest of plates were treated with EZ-cytox
treated every day for 13 days. Growth curve and growth properties were 
drawn and calculated using Graphad Prism software with normalized OD 
values.
Nucleic acid isolation and cDNA synthesis
Genomic DNA (gDNA) was extracted using DNA Mini Prep Kit (Qiagen, 
California, USA) following manufacturer’s protocol. RNA was isolated 
using RNeasy mini kit (Qiagen) following manufacturer’s protocol and 
cDNA was synthesized using Reverse Transcription Kit (Qiagen). 
DNA fingerprinting
DNA fingerprinting was proceeded with extracted gDNA. Quantified and 
diluted gDNA solution was added to reaction mixture consisted of Amp 
FISTR PCR reaction mix, Taq DNA polymerase, and Amp FISTR identifier 
primer set (Applied Biosystem, California, USA). Then the sequence is 
amplified by GeneAmp PCR System 9700 (Applied Biosystem) with 
annealing temperature set to 59℃. 0.05μl of Gene Scan-500 Rox standard 
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and 9 μl of Hi-Di Formamide (Applied Biosystem) were added to 1 μl of 
PCR product of each cell line and denatured at 95℃ for 2minutes. This 
mixture was then analyzed by 3500xL Genetic Analyzer (Applied 
Biosystem).
Sanger sequencing
PCR product was precipitated by sodium acetate buffer and ethanol mixed 
solution. Then washed product was set on ice for 10 minutes and centrifuged 
at 4℃, 14000 rpm. Supernatant was discarded and the product was rinsed 
this time by 70% ethanol and centrifuged 14000 rpm. Supernatant was 
discarded then the products were dried using vacuum concentrator 
(Eppendorf, Hamburg, Germany). 10μl of distilled water was added to dilute 
precipitated sample. When the product is all diluted in distilled water, cyclic 
PCR was carried out. Two separate mixtures for forward and reverse 
sequences were made where they each include 5X sequencing buffer 
(Applied Biosystem), Big Dye (Applied Biosystem), forward or reverse 
primer, distilled water, and product from previous step. Cyclic PCR was 
carried out with denaturation step at 96℃, annealing temperature at 55℃, 
and elongation at 60℃ for 25 cycles. The cyclic PCR product was then 
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precipitated with sodium acetate buffer and ethanol mixed solution and set 
on ice for 10 minutes then it was centrifuged at 4℃ and supernatants were 
carefully discarded and the final product was dried using the vacuum 
concentrator. 10μl Hi-Di formamide was added to dilute the dried product. 
This final product was transferred to 96 well PCR plate and denatured at 95℃
for 2 minutes before taken to 3500xL Genetic Analyzer for sequencing.
HBV PCR and genotyping
For HBV core gene PCR screening, HBV 1μl of gDNA of each cell lines were 
amplified in 14μl PCR mixture containing 1.5μl of 10X PCR buffer with MgCl2, 
0.5 μl of dNTP, 0.25 μl of forward primer (5’-
AAGCTGTGCCTTGGGTGGCTT-3’), 0.25μl of reverse primer (5’-
CGAGATTGAGATCTTCTGCGAC– 3’) [15], and 0.08μl of Taq DNA 
polymerase (Intron Biotechnology, Kyung-gi, South Korea) was proceeded 
using GeneAmp PCR System 9700 (Applied Biosystem). Each PCR cycle was 
set with denaturation step at 94℃ annealing temperature at 61℃, and 
elongation at 72℃ for 30 cycles. HBV positive SNU cell line SNU-354 was 
used as positive control. TP53 was used as an internal control gene to solidify 
the PCR result. PCR products were processed for Sanger sequencing with 
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method described above in Sanger Sequencing section. Identified forward and 
reverse nucleotide sequences were aligned to acquire most possible nucleotide 
sequences, then the final sequences were inputted in HBV Blast Search database 
to identify their HBV genotypes. HBV surface proteins, different sets of primers 
were used [16] with same PCR process described above but with annealing 
temperature of 55℃.
Targeted sequencing
Sequencing process was carried out using Ion Proton sequencer (Thermo 
Fisher) and comprehensive cancer panel. Sequencing data was analyzed and 
sorted based on the frequently mutated gene list found in Cancer Cell Line 
Encyclopedia (CCLE). Clinical significance of sorted mutations were 
inquired from NCBI (National Center for Biotechnology Information) 
database, and mutations that were reported to have clinical significance were 
noted as benign, likely benign, pathogenic, likely pathogenic, potential risk 
factor, not provided, or conflicting interpretation of pathogenicity. Sorted 
mutation list for each cell lines were also grouped by its mutation types and 
the number of each types were represented as pie chart for convenient 
observation of this data.
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Some mutations identified by targeted sequencing, ERBB2 c.(1963-
1965)Atc>Gtc (p.I655V), FGFR4 c.(1162-1164)Ggg>Agg (p.G388R), TP53 
c.(322-324)ggtfs (p.G108fs), TP53 c.(535-537)cAt>cGt (p.H179R), TP53 
c.(634-636)tttfs (p.F212fs), and TP53 c.(841-843)Gac>Tac (p.D281Y ) were 
validated of by PCR followed by Sanger sequencing. Primer sequences used 
for this process are listed in Table 1. PCR was proceeded with the same 
method as described above. ERBB2 c.(1963-1965)Atc>Gtc (p.I655V) and 
TP53 c.(841-843)Gac>Tac (p.D281Y ) mutations were carried out as reverse 
transcription PCR using cDNA, with annealing temperature of 60℃ for 
both sets of primers. FGFR4 c.(1162-1164)Ggg>Agg (p.G388R), TP53 
c.(322-324)ggtfs (p.G108fs), TP53 c.(535-537)cAt>cGt (p.H179R), and
TP53 c.(634-636)tttfs (p.F212fs) PCR was run as traditional PCR with 
gDNA, with annealing temperature of 63℃, 60℃, 62℃, and 61℃
respectively. Sanger sequencing was proceeded as described above in the 
Sanger sequencing section.
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Table 1. PCR primer list
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Cell proliferation assay to commonly used chemotherapeutic agents
To test sensitivity to 5-FU, cisplatin, and sorafenib of each cell line, cell 
proliferation assay was carried out. For SNU-1517, SNU-2655, SNU-2658, 
SNU-3059 and SNU-3160, 4.0x10^3cells/well were seeded on 96 well plate.
8.0x10^3cells/well solution was seeded for SNU-2663 and 1.2x10^4cells
were seeded each well for SNU-3058. On the following day, 5-FU, cisplatin, 
and sorafenib was treated with maximum concentration of 40mM, 5mM, and 
20μM respectively and were serially diluted. Drug treated plates were then 
incubated at 37℃ with 5% CO2 for 72 hours. After 72 hours of incubation, 
10μl of EZ-cytox solutions were added and were incubated for 2 hours to 
measure cell viability. After incubation, optical density values were
measured at 450 nm wavelength using Skanit software. Drug response graph 
and EC50 value was calculated by Graphpad Prism.
For time dependency test of sorafenib on HCC cell lines, 7.92x10^4 
cells/well were seeded on 96 well plates. On the following day, 20μM of
sorafenib was treated and each cell lines were treated. OD values were
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measured instantly for 0 hour control, then after 3, 6, 9, 12 hours after the 
sorafenib treatment. Cell proliferation assay was carried out after each time 
periods using EZ-cytox (DAEIL Lab) and OD values were measured by 
Multiskan FC Microplate reader (Thermo Fisher), and Skanit for Multiskan 
FC 3.1 Software.
Similar to the time dependency test, for the concentration dependent 
sorafenib effect on HCC cell lines, 7.92x10^4 cells/well were seeded on 96 
well plates. On the following day, 10μM, 50μM, 100μM of sorafenib was 
treated and each concentration was treated as triplicates for the accuracy of 
the experiment. Dimethyl Sulfoxide (DMSO) was also treated as blank 
control. Sorafenib and DMSO treated cells were then incubated at 37℃
with 5% CO2 for 6 hours. Optical density was measured with method 
described for time dependence test. All tests were proceeded as triplicates.
Protein Extraction and Western blotting
To test the change in protein expression after sorafenib treatment of HCC 
cell lines, 4.0 x 10^5 cells/ml cell solution of each cell lines were seeded on 
four 60π dish with media. Each dishes for cell lines were treated with 
DMSO as control, 20μM, 50μM, 100μM of sorafenib then incubated for 6
13
hours at 37℃ with 5% CO2. Cell pellets were collected after 6 hours of drug 
treatment by scraper then rinsed with PBS. Collected pellets were suspended 
in RIPA lysis and extraction buffer (Atto, Tokyo, Japan) and kept in ice for 
15 minutes. The lysates were then centrifuged at 13,000 rpm for 30 minutes 
at 4℃. Supernatants were collected and concentration was measured by 
SMART micro BCA protein assay kit (Intron biotechnology). Western 
blotting was carried out, protein mixture containing 5 μg of extracted protein, 
SDS buffer (Invitrogen, California, USA), reducing buffer (Invitrogen) and 
distilled water was boiled at 98 ℃ for 5 minutes then loaded on a Mini-
PROTEAN TGX Precast Gels (Bio-Rad) for three and half hours at 50 volt. 
Then loaded protein was transferred using Trans-Blot Turbo Transfer Packs 
and Trans-Blot Turbo Transfer System (Bio-Rad, California, USA). Protein 
transferred membrane was trimmed and shaken at room temperature inside
skim milk solution containing 2% skim milk powder (BD Biosciences, New 
Jersey, USA), 1mM MgCl2, 10% TBS buffer, and 0.2% Tween 20 (VWR 
Life Science, Pennsylvania, USA) for 1 hour. After blocking, membrane was 
incubated in primary antibodies which were diluted at ratio of 1:2000 for p-
ERK (1/2) (Abcam, Cambridge, UK), 1:1000 for ERK2 (Abcam), 1:200 for 
K-ras (Abcam), and beta-actin (Santa Cruz Biotechnology, Texas, USA). 
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Three antibodies except for p-ERK (1/2) were incubated for one hour at 
room temperature and P-ERK (1/2) was incubated for 2 hours followed by 
washing process. Then the membrane was incubated in enzyme conjugated 
secondary antibody (Jackson ImmunoResearch, Pennsylvania, USA) diluted 
with the ratio of 1:5000 for 1 hour. Membrane was washed then was treated 
with Sensido ECL Substrate (Recenttec, Taipei, Taiwan) and taken to the 
darkroom to acquire image on a x-ray film.
Phytochemicals
Four phytochemicals, baicalein, curcumin, genistein, and resveratrol, (Sigma, 
St. Louis, Missouri, USA) were tested in this study. Same protocol used in 
sorafenib sensitivity test was carried out to evaluate the sensitivity of HCC 
cell lines to the phytochemicals.
Combination index
Along with the individual responses to the HCC cell lines, four
phytochemicals were also paired up with sorafenib, to test the synergetic 
effect. For SNU-1517, SNU-2655, SNU-2658, SNU-3059 and SNU-3160, 
4.0x10^3 cells/well were seeded as triplicate on 96 well plate. 8.0x10^3 
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cells/well were seeded for SNU-2663 and 1.2x10^4 cells/well were seeded 
for SNU-3058. 24 hours after the cell seeding, sorafenib was treated
horizontally so its concentration gradate from right to left, and each 
phytochemicals were treated vertically on 96 well plates so the concentration 
gradate from bottom to top. Sorafenib was treated with concentration ranged 
between 3.3x10^-2μM to 1μM. Curcumin concentration ranged between 
2.8x10^-2μM to 2.5 μM. Resveratrol was treated with minimum 
concentration of 3.6x10^-2 μM to maximum concentration of 2 μM. For 
baicalein, minimum concentration of 3.6x10^-3 μM to 0.2 μM was treated 
and genistein was treated with concentration between 7.8x10^-5 μM to
2.5x10^-3 μM for all cell lines. OD values were measured after 72 hours of 
drug treatment via EZ-Cytox assay and combination index and graphs were 
acquired using CompuSyn software. 
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Results
Morphology in vitro and growth properties of HCC cell lines.
To study the morphology of HCC cell lines, magnified cell images were 
acquired using Axiovert 100 microscope at 100x magnification (Figure 1). 
All 7 HCC cell lines, SNU-1517, SNU-2655, SNU-2658, SNU-2663, SNU-
3058, SNU-3059, and SNU-3160 grew adherent to the culture flasks with 
SNU-1517, SNU-2658, and SNU-3059 cell lines showed spindle 
morphology and the other cell lines showed polygonal morphology.
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Figure 1.  in vitro morphology of hepatocellular carcinoma cell lines.
Cell images were acquired at 100x magnification. Scale bar added indicates 
100μm in length. P indicates passage of each cell lines.
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For identification of growth properties, each cell lines were seeded on 96 
well plates and measured for OD values each day for 13 days. Only the data 
from day 0 to day 9 were inputted for growth rate calculation since after 9th
day, all the cell lines seems to encounter their plateau phase and their OD 
values disrupted the data of 0 to 9 day period. The growth curve was drawn 
(Figure 2) and doubling times were calculated by Graphpad software using 
equation Y=Start · e · . Y represents the normalized OD value, Start is the 
starting OD value, K is the growth rate and x is the hours of incubation.
Among 7 HCC cell lines, SNU-3058 had highest growth rate of K=0.01614, 
therefore had steep growth curve and SNU-3160 had lowest growth rate with 
K value of 0.009293. K values for the rest of cell lines were 0.01166 for 
SNU-1517, 0.01588 for SNU-2655, 0.01343 for SNU-2658, 0.01334 for 
SNU-2663, 0.01614 SNU-3058, 0.01096 for SNU-3059. Doubling times for 
SNU-1517, SNU-2655, SNU-2658, SNU-2663, SNU-3058, SNU-3059, and 
SNU-3160 were calculated to be 59.45, 43.64, 51.61, 51.95, 42.93, 63.26, 
and 74.59 hours respectively (Table 2).
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Figure 2.  Growth curve of HCC cell lines. X axis shows hours of 
incubation in log scale, and Y axis shows normalized optical density value. 
According to this data, among 7 HCC cell lines, SNU-3058 had highest 






















































DNA fingerprinting of 7 HCC cell lines.
Total of 16 loci including D8S1179, D21S11, D7S820, CSF1PO, D3S1358, 
TH01, D13S317, D16S539, D2S1338, D19S433, Vwa, TPOX, D18S51, 
D5S818, FGA, and Amelogenin for gender identification. Result of DNA 
fingerprinting showed no cross contamination between each cell lines (Table
3).
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Table 3. DNA fingerprinting analysis using 16 STR loci for 7 HCC cell 
lines
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HBV PCR and genotyping
Among 7 SNU cell lines tested for HBV DNA integration only 3 cell lines,
SNU-1517, SNU-2655 and SNU-3058, were shown to have integrated HBV 
DNA. HBV core gene PCR bands appear at size 563bp and surface gene 
PCR showed its bands at size 1,063bp (Figure 3). This result is interesting 
since all 12 SNU HCC cell lines previously established from Korean patients 
were HBV positive. Nucleotide sequences for HBV core gene PCR products 
SNU-2655 and SNU-3058 were identified via Sanger sequencing. Found 
sequences were then put into HBV sequence database called HBV Blast 
Search (http://bioafrica.net/blast/hbvblast.html) for genotyping. The result
for both SNU-2655 and SNU-3058 cell lines yielded reference sequence 
name of M12906.1 which indicates HBV subtype C by 96% and 97% match 
in nucleotide sequences respectively (Figure 4A, B).
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Figure 3.  HBV PCR result for HCC cell lines. HBV core and surface 
gene PCR was carried out with annealing temperature at 61℃ and 55℃
respectively with 30 repeated cycles each. Out of 7 HCC cell lines tested, 
only SNU-2655 and SNU-3058 were shown to contain HBV core gene DNA. 
Three cell lines, SNU-1517, SNU-2655, and SNU-3058 showed integrated 
HBV surface gene DNA. SNU-354 was used as positive control, and p53 
was used as an internal control.
25
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Figure 4.  HBV sequences for HBV positive HCC cell lines. Nucleotide 
sequences for two HBV positive HCC cell lines (A) SNU-2655 and (B) 
SNU-3058. Query sequence is the sequence found by Sanger sequencing and 
subject sequence is the reference nucleotide sequence for C.M12906.1 which 
indicates HBV genotype C. Letter N indicates the nucleotide that cannot be 
identified in both forward and reverse sequences. Using HBV Blast Search, 
both SNU-2655 and SNU-3058 were identified to be HBV subtype C by 96% 
and 97% respectively.
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Targeted sequencing and data analysis
Targeted sequencing using comprehensive cancer panel was performed to 
identify mutations of cancer related genes. Result was analyzed using online 
database CCLE and NCBI. Mutations found in each cell lines were sorted 
based on the list of frequently mutated genes and liver cancer specific 
mutations provided by CCLE (Table 4~10). Among sorted list of mutations, 
clinical significance was searched on NCBI ClinVar database. Majority of 
mutations on the list were either identified to be benign or had no reports on 
their clinical significance. However, some mutations found in HCC cell lines 
were reported to be pathogenic. Missense mutation of DPYD (rs1801265) 
found in SNU-1517, SNU-2655, SNU-2658, SNU-2663, SNU-3058, and 
SNU-3059, start codon deletion mutation of AR (rs377416804|rs104894742) 
in SNU-2658, and missense mutation of FGFR4 (rs351855) found in SNU-
2663, SNU-3058 were reported as pathogenic mutations. ERCC5 missense 
mutations (rs587778291|rs9514067) found in SNU-1517, SNU-2655, SNU-
2658, SNU-2663, SNU-3058, and SNU-3059, missense mutation of 
CTNNB1 in SNU-2663 were noted as likely pathogenic mutations. Other 
pathogenic status found in CCP data include benign, likely benign, risk 
factor or has conflicting interpretations of pathogenicity.
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Number of cell lines mutated by each genes and their mutation types were 
summarized in Table 11. Some notable mutations are CTNNB1 which is 
involved in regulation and transcription, cell-cell adhesion, was mutated in 
one of the cell lines (SNU-2663), FANCA that works as post replication 
repair and cell cycle checkpoint was mutated in all seven cell lines.
FANCD2 was found to be mutated in one cell line, SNU-2663. FGFR4, a 
tyrosine kinase receptor that is involved in cell proliferation, differentiation, 
and survival was mutated in 6 cell lines, SNU-1517, SNU-2655, SNU-2658,
SNU-2663, SNU-3058, and SNU-3059. Kit was mutated in SNU-2655, 
SNU-2663, SNU-3059, and SNU-3160 and RET, a proto-oncogene, was 
found to be mutated in SNU-2658, SNU-2663, SNU-3058 and SNU-3160.
TP53, a famous tumor suppressor gene was found to be mutated in SNU-
1517, SNU-2655, SNU-2658, SNU-2663, SNU-3058 and SNU-3059.
Pie charts were acquired based on number of different types of mutations on 
each cell lines (Figure 5). SNU-2658 and SNU-3058 had most diverse list of
mutation types where SNU-2658 consists of 1.1% frame shift deletion, 1.1% 
nonsense mutation, 1.1% splice site mutation, 1.1% start codon deletion and 
95.7% missense mutations. SNU-3058 mutations consists with 1.2% frame 
shift insertion, 1.2% in frame insertion, 2.5% non-sense mutations 1.2% 
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splice site mutation and 93.8% of missense mutations. For the rest of cell 
lines, SNU-1517 mutations were composed of 2% nonsense mutation, 3% 
splice site mutations, and 95% missense mutation. SNU-2655 had 3.4% 
splice site mutations, 1.1% frame shift deletion mutation, and 95.4% 
missense mutations. SNU-2663 consists of 1.1% nonsense mutations, 2.2% 
splice site mutations, 96.7% missense mutations. SNU-3059 contained 2.3% 
nonsense mutations, 1.1% frame shift deletion, 1.1% in-frame deletion and 
95.5% missense mutations. SNU-3160 had 2.5% frame shift deletion, 2.5% 
in-frame deletion, and 95.0% missense mutations.
Overall, missense mutation was observed most frequently (95.35%)
followed by splice site mutations (1.72%) nonsense (1.38%) frame shift 
deletion (0.69%) and in-frame deletion (0.34%). Frame shift insertion in-
frame insertion start codon deletion each took up 0.17% of total mutations.
Sanger sequencing result of ERBB2 c.(1963-1965)Atc>Gtc (p.I655V), 
FGFR4 c.(1162-1164)Ggg>Agg (p.G388R), TP53 c.(322-324)ggtfs 
(p.G108fs), TP53 c.(535-537)cAt>cGt (p.H179R) TP53 c.(634-636)tttfs 
(p.F212fs), TP53 c.(841-843)Gac>Tac (p.D281Y) corresponded to the 
targeted sequencing data (Figure 6).
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Table 4. Sorted targeted sequencing data result for SNU-1517
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Table 4. (Continued 1)
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Table 4. (Continued 2)
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Table 5. Sorted targeted sequencing data result for SNU-2655
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Table 5. (Continued 1)
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Table 5. (Continued 2)
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Table 6. Sorted targeted sequencing data result for SNU-2658
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Table 6. (Continued 1)
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Table 6. (Continued 2)
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Table 7. Sorted targeted sequencing data result for SNU-2663
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Table 7. (Continued 1)
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Table 7. (Continued 2)
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Table 8. Sorted targeted sequencing data result for SNU-3058
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Table 8. (Continued 1)
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Table 9. Sorted targeted sequencing data result for SNU-3059
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Table 9. (Continued 1)
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Table 9. (Continued 2)
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Table 10. Sorted targeted sequencing data result for SNU-3160
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Table 11. Summary of targeted sequencing result by mutated genes.
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Figure 5.  Mutations found by comprehensive cancer panel in each 
HCC cell lines. All 7 HCC cell lines were mainly mutated by missense 
mutation, which occupies 95.35% of all mutations. Other types of mutations 
such as frame shift deletions, insertions, in-frame deletions, insertions, 
missense mutations, nonsense mutations, splice site mutations and start 
codon deletions only occupy total of 4.65% all together.
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Figure 6. Validation of selected mutations obtained by targeted 
sequencing. ERBB2 c.(1963-1965)Atc>Gtc (p.I655V), FGFR4 c.(1162-
1164)Ggg>Agg (p.G388R), TP53 c.(322-324)ggtfs (p.G108fs), TP53 c.(535-
537)cAt>cGt (p.H179R), TP53 c.(634-636)tttfs (p.F212fs), and TP53 
c.(841-843)Gac>Tac (p.D281Y) were tested and the result agreed with the 
targeted sequencing data. For SNU-2655 and SNU-2658 frame shift deletion 
mutations, WT indicates wild type allele and MT indicates the mutant allele 
with their deleted nucleotide marked with a star (  ).
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Sensitivity to chemotherapeutic agents of HCC cell lines.
52
Seven HCC cell lines responded to cisplatin and sorafenib without 
significant divergence in their responses. Average EC50 of each cell lines
(Table 12) and sigmoidal graphs (Figure 7, 8) were achieved by Graphpad 
Prism software. For 5-FU, EC 50 value of 3.698, 9.759, 0.997, 4.540, 5.404, 
7174, and 5211.5 were acquired for SNU-1517, SNU-2655, SNU-2658, 
SNU-2663, SNU-3058, SNU-3059, and SNU-3160 respectively. For 
cisplatin, EC50 values of 489.250, 338.333, 336.433, 442.800, 218.967, 
578.333, and 496.100 were obtained. SNU-1517 had average EC50 value 
of 2.369, SNU-2655 had 1.759, and SNU-2658 had 1.615, SNU-2663 1.294,
2.176 for SNU-3059, and 1.959 for SNU-3160 for sorafenib. Average EC50 
value on sorafenib for SNU-3058 was not calculated as its EC50 values of 
drug test trials were ambiguous due to cell line conditions.
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Figure 7.  Sigmoidal graph representing 5-FU and cisplatin responses 
of HCC cell lines. SNU-3059 and SNU-3160 showed relatively resistant 
responses to 5-FU (A) whereas all 7 cell lines showed similar responses to 
cisplatin (B).
54
Figure 8.  Sigmoidal graph representing sorafenib responses of HCC 
cell lines. SNU-1517 has the highest EC50 value which indicates resistance 
to sorafenib treatment, whereas SNU-3059 has the lowest average EC50 
value indicating sensitivity to sorafenib. However this result seems to be 
insignificant since sigmoidal graphs for each cell lines were plotted within 
the same range of sorafenib concentration.
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Table 12. EC50 values to 5-FU, cisplatin, and sorafenib of HCC cell lines
. 
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Western blot analysis of sorafenib treated HCC cell lines.
Time and concentration dependent effect of sorafenib yielded no reliable 
data. Western blot result yielded varying levels of sorafenib effect on each 
cell lines. SNU-2655, SNU-2658, and SNU-3058 showed very little basal p-
ERK expression. SNU-3059 showed very slight change in protein level in all 
concentrations therefore the effect of sorafenib was difficult to determine. 
On the other hand, SNU-1517, SNU-2663, and SNU-3160 clearly expressed
decrease in p-ERK level as concentration of sorafenib increase. Sorafenib 
treatments did not effect on ERK2 and Kras protein level, noting that SNU-
2658 only had slight ERK 2 expression even before the sorafenib treatment.
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Figure 9.  Sorafenib responses of hepatocellular carcinoma cell lines 
depending on time and concentration.
Cell viability was measured after sorafenib treatment. (A) shows responses 
of each cell lines after treatment of 20μM sorafenib. Cell viability was 
measured after 0, 3, 6, 9, 12 hours to see the time dependent differences in 
response to sorafenib of each HCC cell lines. (B) represents the responses of 
each cell lines after treatment of different concentrations of sorafenib. 
Measurements were taken after 3 hours of treatment to observe
concentration dependent differences of each cell lines
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Figure 10.  Concentration dependent effect of sorafenib on HCC cell 
lines. Each sorafenib treated cell lines showed different levels of protein 
change. SNU-1517, SNU-2663, and SNU-3160 showed decreased level of
phospho-ERK as concentration of sorafenib increase. SNU-3059 showed 
mere change in protein expression while SNU-2655, SNU-2658 and SNU-
3058 had very slight expression of p-ERK even before the sorafenib 
treatment. Sorafenib treatments seems to have no effect on ERK2 and Kras 
protein level, with exception of SNU-2658, which showed mere basal
expression of ERK2. 
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Individual and combination effect of phytochemicals.
Four phytochemicals, baicalein, curcumin, genistein, and resveratrol were 
treated on HCC cell lines to test its effect. Sigmoidal graph was plotted for 
baicalein when treated with maximum concentration of 200μM, curcumin 
with 1000μM, genistein with 0.2μM, and resveratrol with 200μM (Figure 
11). For combination drug treatment of each phytochemicals with sorafenib, 
no prominent synergetic effects were shown, with their Combination index 
(CI) value above 0.5.
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Figure 11. Sensitivity of HCC cell lines to phytochemicals. Cell 
proliferation assay was carried out after treatment of each phytochemicals 
and results are as shown. (A) is the result for baicalein, (B) for curcumin, (C) 
for genistein, and (D) for resveratrol.
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Discussion
Hepatocellular carcinoma (HCC) is currently ranked as the third most deadly 
cancer worldwide [17]. In South Korea, a statistical study of cancer related 
death in 2014 placed liver cancer as third most deadly cancer [18]. One of 
the most prevalent cause of HCC in Southeast Asia is liver cirrhosis caused 
by HBV infection. A large fraction of world population is infected with 
chronic HBV and many of them develop liver cirrhosis which frequently 
eventually progresses to HCC. Common approaches to HCC treatments 
include surgical resection, liver transplantation, radiofrequency ablation, and 
sorafenib treatment. However, due to heterogeneity of HCC, these 
treatments do not guarantee patients with the absolute survival [19, 20]. 
Studies to find alternative therapeutic agents are ongoing, several of them 
studying possible therapeutic effects of phytochemicals on cancer. 
According to these studies, phytochemicals seem to have promising effect at
interrupting cancer progression while opposing opinions still exists
To overcome complications in HCC therapy, more in vivo and in vitro
studies are much needed. In this work, 7 SNU HCC cell lines derived from 
Korean patients, SNU-1517, SNU-2655, SNU-2658, SNU-2663, SNU-3058, 
SNU-3059, and SNU-3160 were characterized on their morphology, growth 
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rate, drug sensitivity, and HBV expression to provide apparatus for future 
studies.
Result of growth property experiment showed varying degree in growth rate 
between HCC cell lines. Doubling times for SNU-1517, SNU-2655, SNU-
2658, SNU-2663, SNU-3058, SNU-3059, and SNU-3160 were 59.45, 43.64, 
51.61, 51.95, 42.93, 63.26, 74.59 hours correspondingly.
DNA fingerprinting with 16 loci, D8S1179, D21S11, D7S820, CSF1PO, 
D3S1358, TH01, D13S317, D16S539, D2S1338, D19S433, Vwa, TPOX, 
D18S51, Amelogenin, D5S818, and FGA were performed to rigidify each 
cell lines and the result confirmed that all cell lines had no cross 
contamination.
To verify mutation status of HCC cell lines, targeted sequencing result 
showed that SNU-2658 and SNU-3058 had the most diverse mutation list
where SNU-2658 contained of 1.1% frame shift deletion, 1.1% nonsense 
mutation, 1.1% splice site mutation, 1.1% start codon deletion and 95.7% 
missense mutations and SNU-3058 mutations consists with 1.2% frame shift 
insertion, 1.2% in frame insertion, 2.5% non-sense mutations 1.2% splice 
site mutation and 93.8% of missense mutations while other five cell lines, 
SNU-1517 DNA were composed of 2% nonsense mutation, 3% splice site 
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mutations, and 95% missense mutation. SNU-2655 had 3.4% splice site 
mutations, 1.1% frame shift deletion mutation, and 95.4% missense 
mutations. SNU-2663 consists of 1.1% nonsense mutations, 2.2% splice site 
mutations, 96.7% missense mutations. SNU-3059 had 2.3% nonsense 
mutations, 1.1% frame shift deletion, 1.1% in-frame deletion and 95.5% 
missense mutations. SNU-3160 had 2.5% frame shift deletion, 2.5% in-
frame deletion, and 95.0% missense mutations.
Overall, missense mutations were observed most frequently (95.35%) 
followed by splice site mutations (1.72%) nonsense (1.38%) frame shift 
deletion (0.69%) and in-frame deletion (0.34%). Frame shift insertion in-
frame insertion start codon deletion each took up 0.17% of total mutations.
Sanger sequencing of ERBB2 c.(1963-1965)Atc>Gtc (p.I655V), FGFR4 
c.(1162-1164)Ggg>Agg (p.G388R), TP53 c.(322-324)ggtfs (p.G108fs), 
TP53 c.(535-537)cAt>cGt (p.H179R) TP53 c.(634-636)tttfs (p.F212fs), 
TP53 c.(841-843)Gac>Tac (p.D281Y) was carried out and the result
corresponds with the targeted sequencing data (Figure 3).
Result of HBV PCR showed that only 3 cell lines (SNU-1517, SNU-2655 
and SNU-3058) out of 7 have integrated HBV DNA in their genome. This 
outcome is rather unique since majority of HCC cases in Asia-Pacific region 
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were known to be the chronic carriers of HBV [21]. Considering that all 
previously established HCC cell lines from Korean patients are HBV 
positive, these newly established HBV negative HCC cell lines are expected 
to be useful resources for future studies. In addition, Sanger sequencing was 
proceeded for genotyping. HBV sequences were also identified by Sanger 
sequencing and these sequences were inputted in the online database called 
HBV Blast Search for the genotyping. Both HBV positive cell lines, SNU-
2655 and SNU-3058, matched HBV type C nucleotide sequence by 96 and 
97% respectively.
Sorafenib, the widely used anti-cancer drug for HCC, which is known to be 
the multi kinase inhibitor of Ras-Raf-MEK-ERK signaling pathway, was 
treated on HCC cell lines and its EC50 values were calculated and graphs 
were plotted for this study. No definite variations to sorafenib response was 
shown where relatively sensitive cell line, SNU-3059, yielded EC50 value of 
0.0471487 and relatively resistant HCC cell line, SNU-1517, yielded 
0.3691097. However, when the response to sorafenib was examined at 
protein level via western blot analysis, change was more evident where cell 
lines such as SNU-1517 showed clear decrease in pERK level after sorafenib 
treatment while SNU-3059 showed very little or no change in pERK 
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expression which provides evidence in divergent responses of HCC cell 
lines to sorafenib. In order to find the possible drug that can partner up with 
sorafenib to improve its effect, four phytochemicals, baicalein, curcumin, 
genistein, and resveratrol were tested for their anti-cancer effect. Curcumin 
is known to work against hepatotoxic aflatoxin [10, 11]. Resveratrol and 
baicalein is known to decrease HCC proliferation [12] and genistein is 
known to inhibit TGF- β/Smad pathway. All four agents successfully 
decreased cell viability. However, its combination index was calculated by 
CompySyn software and the result showed no synergetic effect of sorafenib 
and phytochemicals. However, further study of phytochemicals and their 
effects on HCC deserve more attention. 
Change in protein expression after the sorafenib treatments were also 
examined, and response level of sorafenib of each HCC cell lines were 
different. SNU-1517, SNU-2663, and SNU-3160 showed decreased level in 
p-ERK as concentration of sorafenib increase. SNU-3059 expressed slight
change in protein level, while SNU-2655, SNU-2658 and SNU-3058 had 
little expression of p-ERK originally. Sorafenib treatments seems to have no 
effect on ERK2 and Kras protein level, with exception of SNU-2658, which 
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showed very low level of ERK2 expression even without the sorafenib 
treatment.
In this study, 7 HCC cell lines established from Korean patients were 
characterized as the ground work for further studies to develop better 
management method of HCC. Further and more in depth study of HCC 
would be required for complete control of this disease, as it is one of the 
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간세포암은 세계적으로 가장 사망률이 높은 암 중 하나이다. 치료
방법으로는 수술적 절제, 이식, sorafenib등을 이용한 항암치료 등이
병행되고 있지만 효율이 낮아 이를 극복하고자 관련 연구들이
활발히 진행되고 있다. 간세포암 관련 연구에 기반을 다지고자 본
논문에서는 인체유래 간암세포주 SNU-1517, SNU-2655, SNU-2658, 
SNU-2663, SNU-3058, SNU-3059, SNU-3160 의 특성 분석 연구를
진행하였다. 각각의 세포주마다 성장 속도가 다르게 나타났으며
가장 느리게 자라는 세포주는 두 배로 증식하기까지 74.59 시간이
걸렸고 가장 빠르게 자라는 세포주는 42.93 시간이 걸렸다. 각
세포주를 동정하고, 상호 오염 여부 확인을 위하여 16 개의 STR 
loci 를 이용한 DNA 지문분석실험을 하였다. 409 개의 유전자로
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이루어진 comprehensive cancer panel 을 활용한 타깃 시퀀싱을
이용하여 각각의 세포주에 대한 돌연변이 검사를 하였다. 이 검사
결과로 얻은 돌연변이 목록은 돌연변이의 종류 또는 임상적
영향에 따라 분류하였고 이 중 몇 가지 유전자 돌연변이를 골라
생거시퀀싱으로 결과의 정확성을 인증하였다. 총 일곱 개의
세포주의 HBV 감염 여부를 확인 한 결과, 세 개의 세포주 (SNU-
1517, SNU-2655, SNU-3058) 에서 B 형 간염 바이러스가
양성이었으며 생거시퀀싱을 통한 유전형질 분석을 진행하였다.
간암 세포주에 5-FU, cisplatin, sorafenib 을 처리하여 항암제 감수성
및 세포 증식 속도를 확인하였으며, 항암제에 대한 반응을
확인하고자 간암치료에 가장 많이 쓰이는 sorafenib 처리 후 농도에
따른 세포 내 단백질 발현양의 차이를 확인했다. 세포주에 따라
반응 정도에 차이가 있었지만 sorafenib 이 SNU-1517, SNU-2663, 
그리고 SNU-3160 에서  Ras-Raf-MEK-ERK 신호전달 체계에 영향을
준다는 것을 확인 할 수 있었다. 또한, 식물추출물로서 항암작용이
있다고 알려진 네 가지 피토케미칼, baicalein, curcumin, genistein, 
resveratrol 이 간암세포주의 증식에 미치는 영향을 피토케미칼
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자체와 더불어 sorafenib 의 항암제 민감성을 증진시키기 위한
목적으로 실험하였다. 피토케미칼을 단독으로 혹은 sorafenib 과
함께 처리한 결과, 피토케미칼이 일정농도에서 암세포 증식을
억제하였으나 sorafenib과의 상승효과는 나타나지 않았다.
본 논문에서 확인한 간암 세포주의 성장 특징, 돌연변이 목록, B형
바이러스 감염여부와 유전형질, 항암제와 피토케미칼의 세포 증식
감소 효과, 세포 내 단백질 발현 변화, sorafenib 과 각
피토케미칼들에 대한 상승효과 확인 결과가 후속 연구에 활용되어
도움이 될 것이라고 생각된다.
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주요어: 간세포암, 간암 세포주, 특성 분석, sorafenib, B 형 간염, 
피토케미칼
